The mortality and morbidity in major hepatic resection is often related to hemorrhage. A high pressure, high velocity water jet has been developed and has been utilized to assist in hepatic parenchymal transection. Sixty-seven major hepatic resections were performed for solid hepatic tumors. The tissue fracture technique was used in 51 patients (76%), and the water jet dissector was used predominantly in 16 patients (24%). The extent of hepatic resection using each technique was similar. The results showed no difference in operative duration (p .499). The mean estimated blood loss using the water jet was 1386 ml, and tissue fracture technique 2450 ml (p= .217). Transfusion requirements were less in the water jet group (mean 2.0 units) compared to the tissue fracture group (mean 5.2 units); (p .023).
INTRODUCTION
Major hepatic resection can be performed with low operative mortality and postoperative morbidity. Mortality is often related to operative hemorrhage, and the most common complications after operation are postoperative bleeding, biliary fistula, or intraabdominal abscess. Various methods have been developed to assist the hepatic parenchymal dissection by the exposure of the intact vascular elements and bile ducts for secure ligation. Tissue fracture using either the fingers and/or a Kelly clamp are the most common methods1. A new approach for parenchymal dissection was reported by Papachristou in 1982 using a jet of water to disrupt the liver tissue and display the blood vessels and bile ducts2. Since that time, other investigators have introduced various models of water jet apparatus3 '4. We have been concerned in the development of a high pressure, high velocity water jet which offers several advantages over previous models (ME Medical Exports AG, Zug, Switzerland) 5'6. This device has been in clinical use for two years, and has been employed for hepatic resection Tables 2 and 3 . In the water jet group the mean EBL was 1386 ml (median 1200, range 300 3000 ml) and using the tissue fracture technique the mean was 2450 ml (median 1600, range 100 12,000 ml). Although there was a trend towards decreased blood loss using the water jet, the difference was not significant either in the entire group (p .217), or in the more extensive resections (p .106).
Transfusion requirements are depicted in Figure 1 . Patients in whom the water jet was used had a mean blood transfusion of 2.0 units (median 1.5, range 0 8 units); and with the tissue fracture method, the mean transfusion was 5.2 units (median 3.5, range 0 34 units). This difference was significantly less using the water jet (p .023), and this also held true for the more extensive procedures (p .025).
A biliary fistula was defined as an abnormal drainage of fluid with a bilirubin level greater than that in the serum, and which persisted for more than 7 days7. This occurred in one case after a right hepatectomy performed with the water jet. Three patients had postoperative intrabdominal fluid collections with positive bacterial cultures. All three occurred using the water jet and were treated by CT guided percutaneous catheter drainage. Clinically insignificant fluid collections which did not require specific therapy, or were sterile on aspiration were identified in eight patients (water jet -1; tissue fracture -7).
Five patients died in hospital or within 30 days (7.5%). Jet (16) Tissue (51) Figure 1 Requirements of blood transfusion during hospitalization. Ext R hepatectomy water jet (7) 1657 ml 1500 ml tissue (15) 3347 ml 1800 ml
Ext L hepactectomy water jet (2) 1000 ml 1000 ml tissue (4) 2667 ml 3000 ml Left hepatectomy water jet (2) 1100 ml 1100 ml tissue (5) 1720 ml 900 ml
Atypical resection water jet (2) 900 ml 900 ml tissue (16) 1667 ml 1500 ml (1000-1200 ml) (800-6000 ml) (600-3000 ml) (100-12000 min) (1000 ml) (1500-3000 ml) (1000-1200 ml) (200-3500 ml) (300-1500 ml) (300-5600 min)
aApproximately 300 cc of aspirated jet fluid not deducted from EBL in water jet group. 6 including preliminary results5. It has fundamental differences from other models. The instrument consists of a hydrodynamic device attached to compressed air which delivers pressurized liquid to a fine tipped nozzle (Figure 2 ).
The specially designed nozzle has a smaller diameter than those used previously, and delivers less fluid at a higher velocity and pressure than the models reported previously3'4. While other authors noted that 1500 ml of fluid was used by their device in a standard right lobectomy our water jet typically uses 200 300 ml for a major hepatic resection. The ultra thin nozzle tip in our water jet produces a stream which is coherent for only 30 mm, and then radiates into a divergent spray of microdroplets. The jet can effectively cut hepatic parenchyma, including fibrous tissue, and the spray washes away the debris to display the vessels and bile ducts for ligation. The divergent spray also allows the surgeon to vary the cutting potential by simply altering the distance between the nozzle tip and the parenchyma.
Operative time using the water jet dissector and tissue fracture technique were similar. Blood loss estimates are inherently inaccurate, although there was a trend toward lower estimated blood loss, more pronounced in the more extensive resections. The significant decrease in transfusion requirement may be a more Figure 2 Water jet dissector (ME Medical Exports AG, Zug, Switzerland) with: (1) Fluid inlet port (2) Activation connection (3) Probe connection (4) Pressure adjustment knob (5) Pressure indicator (6) Connected probe. important parameter. A decrease in operative hemorrhage however is only one measure of efficacy. Subjectively, we believe the water jet is especially useful in the removal of very large tumors which encroach upon the main hepatic veins. Resection was made possible in some cases where only a minimal clearance was feasible. The method is useful in extended left hepatectomy where intrahepatic exposure of the right anterior sectoral bile duct and preservation of the remaining posterior sectoral duct is essential.
The increased incidence of intraabdominal abscesses in the water jet group may be of concern. However, two of the three patients who developed abscesses had obstructive jaundice due to hilar cholangiocarcinoma, and the bile already had a positive culture at the time of operation. Hepatic resection in the presence of obstructive jaundice has been shown to have an increased incidence of infectious complications21'22. The sterility of the system has previously been tested by overnight incubation with Proteus, followed by bacterial culture after standard sterilization procedures5. No organisms were recovered. The addition of bacteriostatic antibiotics to the jet fluid is possible, and is currently under investigation.
Splashing of water has been reported to be a problem in previous models of water jets2 Experience is presented on sixteen cases but it is of concern that three of them developed intra-abdominal abscesses.
The time for parenchymal dissection using this technique was about the same as finger fracture but blood loss was halved to a mean of 1,386 ml which is still more than lost by using the ultrasonic aspirator. Indeed, the CUSA system, because of its worldwide use, has become the standard against which other techniques are measured. Addition of electrocautery to the CUSA system may make this technique more efficient and faster.
